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The Pyloric Canal
By JAMES WILSON MILLEN, M.D.
Department of Anatomy, Queen's University, Belfast
THERE is now a considerable agreement in the general descriptions of the form,
subdivisions, and functions of the stomach. It is a specialised organ of the post-
cesophageal region of the fore-gut, limited distally by the pyloric sphincter; and
it serves for the temporary storage of the swallowed food, which undergoes changes
in its physical constitution during its storage. These changes are produced (1) by
physical processes, such as the saturation of the food with fluids and its physical
comminution and division, which have as their end the trituration and suspension
of the food in fine granular form in the stomach fluids; and (2) by chemical
processes, at least they are usually so named, which begin the gross molecular
disintegration of the food, and are steps leading to its solution.l
The fluids used in the physical processes are products of the gastric mucous
membrane, while the physical division of the food is mainly effected by the pressure
movements of the muscular wall of a part of the stomach, which is always recog-
nisable and usually is a distinct region of it. This region is generally known as
"the mill of the stomach"; the musculature of its walls is thicker, usually it is
specialised in its arrangement and often it is distinctive in its structure; and its
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The primary parts of the stomach.
mucous membrane is usually different from that of the receptive "non-milling"
region, sometimes grossly so, sometimes only in the type of its glands. The
"milling region" is always at the distal end of the stomach, immediately previWs
1. I am not now concerned with the discussion of which processes are phylogenetically the older
or fundamentally the more important; or of the different forms of "the reciprocal balance" of the
two processes in different animal groups, so that now the one process and now the other plays
the larger part in the food changes; or of the relation of this balance to the nature of the food
and the treatment to which it is subjected in the mouth.
156to the terminial "storage closure mechanism,'" the Pyloric Sphincter. Ihere are,
therefore, when its physical functions alone are considered, three distinctive parts
of the stomach (fig. 1) :-('a) The purely receptive storage non-milling region, into
some part of which the cesophagus opens, the Body or Cardiac Part; (b) the active
'milling' region, the Pyloric Part or, since it is commonly tubular in shape,
Pyloric Canal; and (c) the terminal Pyloric Sphincter, which, by its topic and
active contraction, maintains the storage in the whole stomach and, especially,
prevents the escape of the food while it is being milled in the pyloric canal.
This description of the stomach is essentially that of Willis (1674), who,
apparently, was the first to describe the most distal part of it as a distinct region;
he named it the Antrum (to the pylorus). It is now generally named the Pyloric
Canal, and is considered, with the Pyloric Sphincter, to constitute the Pyloric
part of the stomach; and( to this part there is ascribed not a simple storage function,
as for the cardiac part, but the final physical reductin of the food to a fluid pulp
and, through its sensitiveness to food masses not so reduced, the retention of the
food by the pyloric sphincter until the reduction is completed. It is as such I
propose to cotnsider it, a distinctive independent part, structurally differentiated
and functionally specialised; as Cunningham (1906) stated of it, "There is no part
of the organ which is more definite and distinct." It is therefore a constant and
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The divisions of the huiman stomach.
remarkably uniform region in comparative anatomy, sometimes longer, up to one-
third the total length of the stomach (as in some elasmobranchs and the six-months
human foetus), sometimes very much shorter (as in the adult human and most
carnivores).
The body, or Cardiac Part, of the stomach varies much in its size and form;
157sometimes it seems a single simple sac (as in rodents), sometimes it is a series of
distinct chambers (as in ruminants). 1 believe, however, that three parts of it canl
usually be distinguished, and that as a rule they can be recognised in the huinan
stomach (fig. 2) :-(a) the Body (or body proper) of the stomach is the part into
which the cesophagus directly opens. It consists of two regions: (1) the Gastric
Canal, which continues the canal of the cesophagus along the lesser curvature of
the stomach and ends below in the antrum; the musculature of its wall, especially
of its lower edges, is thick; and (2) a dilatable region below (to the left of) the
gastric canal, for the reception and storage of food after the antrum has been
filled. (b) The Antrum or Vestibule (to the pyloric canal) is the terminal part of
the cardiac part of the stomach; in the literature both names are used for it, even
though antrum was applied by Willis to what is now known as pyloric canal. 'T'he
antrum, the first filled part of the stomach, is directly filled from the aesophagus
along the gastric canal. lt forms the lowest part of the humani stomach; usually
it is marked off from the pyloric canal by upper anid lower grooves (sulci intermedii
superioiP et inferior of Hlis), anid between it andl the ending of the gastric canal
there is the incisura angularis 'on the lesser curvature anid sometimes (especially
in the empty stomach) a niotch oni the greater curvature. (c) 'I'he Fundus is a
diverticulum, to the left of the Cesophageal orifice, from the lower dilatable storage
part-of the body of the stomach with which is its normal communication. It is
shut off from the cesophagus and the gastric canal in the contracted stomach' by
the septum of the incisura cardiaca and the muscular wall of the upper end of the
gastric canal,2 but in the relaxed distending stomach it has communication with
them.
It is to the pyloric part of the stomach, the pyloric canal, however, that I wish
to direct attention. It is easily recognised and defined, in at least two-thirds of
dissecting-room subjects and apart from the state of contraction or relaxation of
the stomach, as a tubular part about 3 cm. in length, beyond the antrum and
previous to the pyloric sphincter. It has a much thicker muscle wall than the parts
of the cardiac part of the stomach, even than the gastric canal, and its mucous
membrane is in longitudinal folds along its whole length. It has its blood supply
from the right gastric and right gastro-epiploic arteries, branches of the hepatic
artery, a supply distinct from that of the cardiac stomach, which is from the left
gastric, splenic, and left gastro-epiploic arteries; its veins and lymph vessels are
also distinct; and its nerve supply, at least from tie anterior gastric nerve, is by
special branches. In the feetus and the new-born it forms a relatively larger part
of the stomach (fig. 3), and the musculature of its wall is relatively thicker.
The canal can be demonstrated in the living subject by giving a small amount
(3 ss - i) of a thick suspension of Ba. (Horlick's shadow food) on the empty
stomach; my best results were obtained'on young adult male subjects in the early
morning. The meal passes along the gastric canal to the antrum, which fills and
increases in size by expansion downwards and to the left; and relief pictures of
2. It is the maintenance of this closure, I believe, that constitutes some forms of 'cardiospasm.'
158these parts may be secured. By manual pressure and manipulation over the antrum,
the work being don'e under the screen, some of the meal can be made to enter the
pyloric canal; a radiogram taken at this stage is shown in pl&te I. The pyloric
canal appears as a tubular region about 3 cm. long, distal to the antrum and ending
at the pyloric sphincter, and the longitudinal folds of its mucous membrane are
shown in relief. The passage through the pyloric sphincter is closed, but a small
amount of the meal has reached the duodenum, and is seen on the front of the
body of the second lumbar vertebra; the pyloric sphincter must have been relaxed,
therefore, at some timne while the canal was filling.
The pyloric canal is rapidly filled when a large amount (t3 vi) of the meal is
given (plate II); its cavity loses its tubular form, apparently very readily, and
becomes spherical and remarkably large; there must be a.considerable relaxation
of its muscular wall. There is, at the same time, some relaxation of the pyloric
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The storriachs of (a) seven-months human fcetus an(d (b) five-months ftetus.
sphincter, and some of the meal passes through it into the duodenum, so that the
amount in the duodenum is increased (cp. plates I and 1I) (the upper edge of these
regions is artificially outlined in plate II); there is in plate II a narrow connecting
shadow between the masses in the pyloric canal and the duodenum.
The pyloric canal having been filled,3 it begins the movements of its "milling"
function. These movements are distinctive of the canal and, as seen on the screen,
different from those of the cardiac stomach, which end at the lower end of the
antrum. They consist of concentric contractions of the pyloric canal wall, some-
times termed pyloric canal systole, whereby the cavity of the canal is concentrically
diminished in size until finally it is, for a short time, completely empty (plates IlI
and IV).4
3. The canal becomes even slightly more full, and larger, than in plate II.
4. I was unsuccessful in this subject in'timing' the change from screen to film exactly enough
to record the completely empty canal at the end of canal systole; but I reproduce, with. permission,
a tracing of this phase of canal activity from >fig. 84 of "A Text-Book of X-Ray Diagnosis by
British Authors" (1938).
159It is well showni in plate IIII that during the systole of the caanal, the pyloric
sphincter is fully contracted and the passage through it completely occluded; that
is, that during its s'stole the food is returned from the pyloric canal to the antrum
and body of the stomach, which are increased in size. There is also some opening
of the cesophageal orifice and a sharper definition of the fundus region; and,
further, the duodenum, contracting with the pyloric canal, has altered the shape
of the duodenal 'cap' to an elongated mass and defined very accurately the distal
surface of the pyloric sphincter.
When the food is sufficiently "milled" and the stomach is to be emptied, the
"milling" function of the pyloric canal must cease; the pyloric canal must become
Fig. 4
Normal stomach in vertical positioII (from IIettz).
0-endl of cesophagus; F-funidus of stomiach, conitaininig gas;
I.A.-incisura angularis; 'P.C.-pyloric canal; UTumb)ilicus.
functionally associated with the cardiac part of the stomach; and, the whole
stomach acting as a singje emptying mechanism, the movements of the'two parts
must become harmonised.5 I am not now concerned with this phase of pyloric
canal function, for in this paper I have wished only to define the pyloric canal
and to recognise it as a distinctive part of the stomach; and, if this description
is accepted, to make a plea for the recognition of it in'the literature, especially of
physiology and radiology. Best and Taylor (1939) and Bard (1941), for example,
describe the pyloric canal as a narrow passage 3 cm. long, forming the lumen of
the pyloric sphincter, and Hertz (1910), whose account is followed by Starling
160
5. Congenital pyloric hypertrophy (of the pyloric canal) is, I consider, the result of the non-
association of the two parts and the non-harmonising of their moxements as a single emptying
mechanism.(1941), having given an anatomical account of the stomach which is similar to
that given here, applies the term pyloric canal to the passage through the pyloric
sphincter in X-ray photographs of the stomach (fig. 4) and in the description of
the movements of the stomach. Most radiologists still use the terms pyloric
antrum or pre-pyloric segment for what is anatomically the pyloric canal, though
Shanks (1938) uses the terms pyloric canal and pylorus as synonymous, stating
it is a quarter of an inch in length.
I suggest that antrum be the name of the most distal chamber of the 'non-
milling,' storage, cardiac part of the stomach, pyloric canal the name of the
distinctive and specialised terminal 'milling' part, and pyloric passage the short
passage through the pyloric sphincter; these are the recognised anatomical terms.
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THIS is the sixty-second year of "The Medical Annual," and therefore it requires no introduction
to our readers. The fact that each year's issue goes out of print soon after publication shows
how wide is the appreciation in which it is held, and serves as a warning against procrastination.
The 1944 edition in its familiar format is, as in former years, a treasure trove of knowledge.
Apart from its value as a reference book, it is a book which any doctor with wide interests in
medical progress may read from cover to cover, and here, too, the specialist will find a r6sum6
of the year's work in his own subject. It would be invidious to single out any articles where all
are good, but the surgeon will be interested in War Surgery, the obstetrician in the accounts of
the toxr#mia of pregnancy, and the physician will be interested in everything! It is a little-
surprising that there is no account of Penicillin.
CLINICAL PRACTICE IN INFECTIOUS DISEASES. By. E. H. R. Harries
and M. Mitman. Second Edition. Pp. 570. E. & S. Livingstone. 22s. 6d.
THIS book is thoroughly up to date with the practice of Infectious Diseases. Every item is
treated efficiently from the knowledge of two men with vast experience in isolation hospitals. The
book is comprehensive and blissfully free from misleading colour-plates. Distributions of rashes
are adequately illustrated by line drawings, and diagrams are clear. The section on sulphonamide
treatment brings the application of this group of drugs lucidly to hand, and is a worthy reference
for any enquiry.
This work is highly commendable as a standard textbook for students and doctors of all ranks.
F. F. K.
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Plate I
The pyloric canal in a young adult:
3 i of Horlick's shadow food given at
8.15 a.m., on an empty stomach.
Plate II
The filling of the pyloric canal after 3 vi of meal:
same subject as Plate I: upright position.THE PYLORIC CANAL
Plate III
Systole of the pyloric canal: same subject as
Plates I and II: upright position.
DuODENAL
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(both empty)
Plate IV
A tracing from fig. 84 of "A Text-book of X-Ray Diagnosis"
(with permission), to show the empty pyloric canal at the
end of pyloric canal systole.